. HAYMES. 1977. The breeding biology of two Lake Erie herring gull colonies. Can. J. . The breeding biology of two Lake Erie herring gull colonies was studied from 1973 to 1976, emphasizing effects of clutch size and time of clutch initiation on reproductive success. In 1976, incubation attention of two-egg and three-egg clutches started early and late in the season was measurcd with a 20-pen event reco~der. ChForinated hydrocarbon residues in eggs were assessed in 2 years. Nest denc-ity was greater, clutch initiation more synchronized. and hatching success higher at one or the colonies. Hatching success and fledging succes5 were independent of clutch sire but early nesters wcre murc successful than late neslers. Differences in hatching success between lwo-egg and three-egg clutches were a function of time of clutch initiation such that the clutch sire with the greater pmporfion of irs nests in the early period had a higher hatching success. The reproductive success of' the h k e Erie colonitr was intermediale among rates reparted for other Great Lakes colonies but bckow those of most eastern North Arneric~n or Euri3pean colonies. There were no significant ditkrences in rhe incubation attention between twu-egg cliltches and ~hrce-egg clutches or between early and late three-em clutches. Most clutches were incubated prrdrer than 95% ofthe time although clutches incubated less than 75% realized the same hatching success. De 1973 a 1976, on a etudie la biologie de la reproduction chez deux colonies de goelands argentes du lac Erie, en examinant surtout les effets de la taille de la couvee et du debut de la couvaison sur le succes de la reproduction. En 1976, on a mesure, au moyen d'un appareil enregistreur a 20 canaux, les soins apportes lors de I'incubation a des couvees de deux ou trois aeufs deposes t8t ou tard dans la saison. Les residus d'hydrocarbures chlorures ont ete mesures dans les aeufs durant 2 ans. Chez I'une des colonies, la densite du nid etait plus grande, le debut de la couvaison plus synchronise et le succes de I'eclosion plus complet. Le succts de I'eclosion et de l'envol est independant de la taille des couvees, mais les oiseaux qui nichent t8t ont plus de succes que ceux qui nichent tard. Les differences enregistrees dans le succes de I'eclosion chez les couvees de deux aeufs et celles de trois oeufs sont fonction du debut de la couvaison, en ce sens que le type de couvee (deux ou trois ceufs) predominant en debut de saison a plus de chance de succes a I'eclosion. Le taux de succes de reproduction chez les colonies ttudiees tombe dans la moyenne de celui d'autres colonies des Grands Lacs, mais est inferieur a celui de la plupart des colonies de I'est nord-americain ou des colonies europeennes. Si on examine les soins apportts lors de I'incubation, on ne trouve pas de difference significative entre les couvtes de deux aeufs ou celles de trois ceufs, ni entre les couvees de trois aeufs hiitives ou tardives. La plupart des portees sont couveesplus de 95% du temps, bien que les portees couvees moins de 75% du temps aient les m6mes chances de succes a I'eclosion.
Introduction
Aspects of the breeding biology of the herring gull Larus argentatus are best documented from studies on the Atlantic Coast of the northeastern United States, eastern Canada, and western Europe (Darling 1938; Paynter 1949; Harris 1964; Kadlec and Drury 1968; Brown 1967; Parsons 1975; Haycock and Threlfall 1975) . These studies showed that reproductive success in the herring gull may be influenced by a number of biological factors, most notably clutch size, time of clutch initiation, and nest density.
In herring gull colonies on several of the Great Lakes, low reproductive success has been linked to high organochlorine levels (mainly 1,1 -dichloro-2,2-bis(p-chloropheny1)ethane (DDE) and polychorinated biphenyls (PCB's)) in the eggs and tissues of adult birds (Keith 1966; Gilbertson and Hale 1974a, 19746) . Recent information from nine herring gull colonies on the Great Lakes suggests that colonies in Lake Ontario are characterized by a poor reproductive success and declines in colony size (Gilman et al. in preparation) compared with colonies in the other Great Lakes. During 1973 During -1976 we studied the reproductive Can. J. Zool. Downloaded from www.nrcresearchpress.com by Brock University on 10/05/11
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biology of two colonies of herring gulls in Lake Erie near Port Colborne, Ontario. It is the purpose of this paper (1) to report population demographic data from these colonies for the years 1973-1976, and (2) to consider the influence of nest densitv. clutch size. time of clutch d * initiation, incubation attention, and toxic chemicals on reproductive success.
Study Areas and Methods
The colonies were about 1 km apart on the northeastern shore of Lake Erie near Port Colborne, Ontario. The western colony was on an elevated portion of piled limestone rocks and boulders, part of a man-made break wall and lighthouse complex associated with the Welland Canal (Fig. la) . A water barrier of about 0.5 km separated the colony from the mainland. The eastern colony was on the property of Algoma Steel Corporation (Canada Furnace division) which is completely fenced and accessible only to plant personnel. The nesting substrate consisted of flat grassy areas surrounded by regions of loose rock and slag byproducts of the industrial operation (Fig.  lb) . Nests at the Lighthouse colony were clumped into an area of about 0.17 ha whereas those at the Canada Furnace colony were widely scattered over about 4.54 ha. The approximate nest densities over the 4 years of study ranged from 290 to 360 nests per hectare (Lighthouse) and from 5 to 9 nests per hectare (Canada Furnace). Other seabird species nesting at the sites and their nest distributions relative to herring gulls are reported elsewhere (Morris and Hunter 1976a; Hunter and Morris 1976) .
The dates of the first visits were May 10 (1973 and 1974 ) and April 15 (1975 . Thereafter, the colonies were visited daily or every second day during the incubation and hatching periods and at least every 3rd day during the fledging periods each year. At each visit new clutches, eggs laid and lost, hatching success, and chick fate were recorded. Nests were individually marked with wooden tongue depressors. Eggs were individually numbered with non-toxic felt pens as they were laid and were handled on each visit to determine state of viability. Chicks were banded within a few days of hatching and censused on all subsequent visits. Chick capture was facilitated by chicken wire mesh fencing (2.5 cm hexagonal hole size). Nests were fenced individually or in small groups (maximum six nests), depending on spatial separation. This procedure minimized wandering of chicks otherwise caused by the presence of the investigators. Each fence was buried in the substrate and supported at regular intervals by metal rods. The minimum height of each fence was 60 cm. At no time did the fences interfere with the reproductive activities of the adult birds.
In 1976, information on the incubation attentiveness of selected parental pairs was collected with the use of a 20-pen Esterline-Angus event recorder (Model A-620x). Details of the procedures used are reported by Morris and Hunter (19766) . Twenty-eight nests were monitored, including completed two-egg and three-egg clutches started during early and later periods of the 1976 breeding season.
Chlorinated hydrocarbon residues were assessed in 22 eggs collected in 1974 and 1975. Eggs were analyzed for organochlorine substances by Dr. L. Reynolds of the Ontario Research Foundation according to the methods outlined in Reynolds (1969) .
In 1975 and 1976, variable numbers of chicks from the Canada Furnace colony were removed shortly after hatching and transplanted into selected nests at the Lighthouse colony. Chicks were also rotated among selected nests at the Lighthouse colony. These procedures artificially increased or decreased the original brood sizes of experimental nests. The results of these manipulations and the effect of brood size on chick growth rates are reported elsewhere (Haymes and Morris, in preparation). For the purpose of this paper, 1975 and 1976 fledging data at the Lighthouse colony are reported for control nests only.
Results
The chronologies of total clutch starts for the two colonies are in Table 1 . The Lighthouse colony was consistently larger and more spatially compact than the Canada Furnace colony in the 3 years for which comparative data are available. Birds at the Lighthouse colony began egg laying a few days earlier than those at the Canada Furnace colony in 2 of the 3 years and completed most clutches 1 to 2 weeks earlier in all 3 years (Table 1) . Finally, the date of the last clutch initiation at the Lighthouse colony always preceded that at the Canada Furnace colony.
Hatching Success
Hatching success according to clutch size is in Table 2 . There were no significant differences (2 x 2 contingency table X2, Yates correction, Siegel 1956 ) among the annual hatching rates within each colony. The hatching success of eggs at the Lighthouse colony was always greater (0.531 to 0.618 eggs hatched per egg laid) than that of the Canada Furnace colony (0.410 to 0.467 eggs hatched per egg laid) although the difference was significant only in 1975 (XZ, = 7.66, p < 0.01). Hatching success was not consistently related to clutch size (Table 2) . Two-egg clutches realized a higher hatching success than three-egg clutches in four of the seven comparisons although the difference was close to the accepted level of significance in only one instance (Lighthouse 1973; two-egg clutches > three-egg clutches, X 2 , = 3.07, 0.1 > p > 0.05).
Hatching success was also compared with time of clutch initiation to determine whether early nesters were more successful than late nesters (Table 3 ). The split dates for early vs. late nesters were based on clutch start distribution curves. The split date in each year was taken as the point on the curve after the peak when a marked change (reduction) in slope occurred. In each year this point corresponded to a loss of synCan. J. Zool. Downloaded from www.nrcresearchpress.com by Brock University on 10/05/11
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The distribution of two-egg and three-egg clutches according to time of clutch initiation is in Table 4 . The data were reorganized to establish whether the higher hatching success of two-egg or three-egg clutches in each year was related to a correspondingly higher ratio of twoegg or three-egg nest starts in the early and late phases of the nesting season. The data show that, with one exception (Lighthouse 1973), hatching success was higher for the clutch-size group (Table 2) which had the greater early :late ratio of nest start distribution ( Categories of egg failure are in Table 5 . Eggs which disappeared and embryo failure (addled and failed) formed the majority of egg losses at both colonies in all years. Taken together, these categories accounted for an average of 66.9% of all eggs lost (range 50.0% to 88.3%). Categories which represent artificial losses are not shown. Over the 4 year period of this study such losses included eggs bulldozed by heavy equipment at Canada Furnace (n = 14), eggs collected for chemical residue analysis (n = 22), eggs collected for artificial incubation either with or without removal of adults for tissue residue analysis (n = 42). Can. J. Zool. Downloaded from www.nrcresearchpress.com by Brock University on 10/05/11
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Fledging Success and Total Reproductive Success
Fledging age was taken as 30 days posthatch, as several chicks in each year were able to fly out of the enclosures at this age. Fledging data are available for the Canada Furnace colony (1973 and 1974) , and for the Lighthouse colony (1974, 1975, and 1976) . The number of chicks fledged per egg hatched varied from 0.353 (Canada Furnace, 1974 ) to 0.653 (Lighthouse, 1976 . In 1974 when data were available from both colonies, the fledging rate was similar between the two sites (0.353, Canada Furnace; 0.385, Lighthouse). On the basis of chicks fledged per egg hatched, chicks from two-egg clutches had a higher fledging rate than chicks from three-egg clutches in three of the five cases where data were available (Canada Furnace, 1973; Lighthouse, 1974 and 1975) . None of the differences was significant.
The influence of time of clutch initiation on fledging success clearly revealed that early nesters experienced a higher overall reproductive success than late nesters (Table 6 ). On the basis of chicks fledged per egg hatched, chicks fledged more successfully from early nests than from late nests although the difference was significant in only one instance (Canada Furnace, 1973 ; p = 0.02, Fisher exact probability test, Siegel 1956 ). The number of chicks fledged per egg laid was always higher for early nests than for late nests ( Siegel 1956 ).
More than half of the chicks which died or disappeared before fledging (30 days posthatch) were lost from both colonies in all years before 15 days of age. However, losses between 15 and 30 days posthatch were substantial and accounted for 40.0% (Canada Furnace, 1973) , 45.4% (Canada Furnace, 1974) , 33.3% (Lighthouse, 1974 ), 20.07, (Lighthouse, 1975 , and 16.6% (Lighthouse, 1976) of the total losses in the year shown. Table 7 summarizes the annual reproductive success at the two colonies. In all measures of reproductive success, the Canada Furnace colony was consistently below the Lighthouse colony in all years when comparative data were available. Can. J. Zool. Downloaded from www.nrcresearchpress.com by Brock University on 10/05/11
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Incubation Attentiveness
The incubation attentiveness of parents at 28 herring gull nests in the Lighthouse colony in 1976 was organized according to clutch size and time of clutch initiation ( Table 8 ). The majority (60-75%) of nests were incubated more than 95% of the total monitored time (57-60 min per hour), regardless of clutch size or time of clutch initiation. There were no significant differences (Fisher exact probability test, Siegel 1956 ) in the distribution of incubation attention of early vs.
late three-egg clutches (p > 0.4) or of two-egg vs. three-egg clutches during the early time period (p > 0.4). There was no significant difference (x2= = 0.06, p > 0.8) in the hatching success of eggs which received greater than 95% incubation attention compared with those which received less. Furthermore, eggs which were incubated less than 75% of the total monitored time (<44.9 min per hour) realized a hatching success similar to eggs which received greater incubation attention (Table 8) . Finally, the 28 monitored (experimental) nests realized the same hatching success pattern as unmonitored (control) nests in the rest of the colony (i.e., two-eggs > threeeggs; early > late).
Organochlorine Residues
The residues of four organochlorine substances identified in herring gull eggs from the Lighthouse colony in 1974 and 1975 are in Table 9 . In each year, PCB's were present at considerably higher levels than any of the DDT fractions. The range limits for all 4 components were greater in 1974 than in 1975 and the mean values for each were lower in 1975. Mann-Whitney U test analysis (Siegel 1956) revealed that PCB levels in the 1975 sample were significantly lower than in the 1974 sample 
Discussion
Despite the proximity of the two colonies, there were noticeable differences between them in realized reproductive success. Both colonies increased in size during the course of this study; however, the Canada Furnace colony was always smaller and less spatially compact than the Lighthouse colony. Although neither exhibited significant within-colony differences in hatching success during the 4 years of the study, the hatching success of eggs at the Lighthouse colony was always higher than that at the Canada Furnace colony. Furthermore, at the Canada Furnace colony, there was no consistent trend of early eggs hatching better than late eggs, whereas at the larger Lighthouse colony early nesters realized a significantly higher hatching success than late nesters in 3 of 4 years. Finally, the distribution of clutch initiation differed between the two colonies in each year with the Lighthouse colony always more tightly synchronized than the smaller Canada Furnace colony.
Taken together these differences recall the early work of Darling (1938) , who proposed that in colonial seabirds, reproductive synchrony, and reproductive success are influenced by social stimulation which increases with colony size. No subsequent work has categorically confirmed this hypothesis (see Nelson (1966) for review) as it has normally not been possible to separate the influence of other factors which may also conCan. J. Zool. Downloaded from www.nrcresearchpress.com by Brock University on 10/05/11
For personal use only. success as follows. In years when a greater proportion of two-egg than three-egg clutches were laid early in the season (Table 4) , the hatching success of two-egg clutches exceeded that of three-egg clutches ( Table 2 ). The hatching success of the two clutch-size groups was reversed in years when a greater proportion of three-egg clutches was laid early. This suggests that time of clutch initiation is perhaps of greater importance to hatching success than clutch size by itself. Small clutches are usually assumed to be laid by young and (or) inexperienced birds which are less attentive parents than those that produce larger clutches, but few investigators have succeeded in separating the effects of parental age, laying date, and other variables (but see Parsons 1975 ). We could not determine the age of parents according to clutch size or time of clutch initiation, but did measure the degree of incubation attention according to these variables. The results (Table 8) showed a remarkable degree of consistency which suggests that at least by this measure, eggs receive the same degree of parental attention regardless of clutch size or time of clutch initiation. It would appear therefore that unlike the situation in common terns (Sterna hirundo; Morris and Hunter 1976b), incubation attentiveness data do not provide a good predictive measure of hatching success for herring gulls. The fledging success rates of the Port Colborne colonies were intermediate between those reported for Lake Ontario and Lakes Huron and Superior in 1975 (Gilman et al., in preparation) , and were generally lower than other values reported in the literature. On the basis of chicks fledged per nest, Paynter (1949) found 0.03 to 1.0, Harris (1964 ) 0.6, Parsons (1971 0.7 to 0.9, Parsons (1975) 0.67 to 0.91, and Haycock and Threlfall (1975) found slightly less than 1 .O. In our study fledging success appeared to be independent of clutch size but dependent on time of clutch initiation. Thus, early nesters consistently fledged chicks more successfully than late nesters. We note that comparative statements of herring gull fledging rates must be made with considerable caution as there is little agreement in the literature on the actual age of fledging. Reported definitions include 10 days (Brown 1967; Parsons 1975) , 21 days (Gilman et al., in preparation), 30 days (this study), 40 days (Keith 1966) , age at first strong flight (42-48 days, Haycock and Threlfall 1975) , mean of 43 days (Paynter 1949 ) and mean of 51 days (Kadlec et al. 1969) . Various assumptions were stated with most of these definitions which were controlled by the visitation rates and other procedures used (i.e. nests fenced or unfenced) which in itself makes comparative statements difficult.
While most chicks which died or disappeared before fledging were lost before 15 days of age, substantial losses occurred at both colonies during the period 15-30 days posthatch. This result is at variance with other studies which report highest mortality between 1 and 6 days (Haycock and Threlfall 1975) or before 7-10 days posthatch (Paynter 1949; Paludan 1951 ; Harris 1964; Brown 1967; Kadlec and Drury 1968) . We are unable to account for this discrepancy.
Finally, we recognize the potential significance of toxic chemicals as they may alter or reduce the realized reproductive success of a herring gull colony. Gilbertson (1 974) attributed the poor reproductive success of several Lake Ontario Can. J. Zool. Downloaded from www.nrcresearchpress.com by Brock University on 10/05/11
colonies to a high residue load in the eggs and adult birds. Gilman et al. (in preparation) reported a lower reproductive success of gull colonies in Lake Ontario compared with colonies in other of the Great Lakes and suggested that toxic chemicals may be related to the differences. However, an inverse relationship between reproductive success and toxic chemical loads has not yet been clearly established for any of these colonies. We suggest that a wide variety of biological, chemical, and physical factors may influence the overall reproductive success of any seabird species and that intensive demographic studies are necessary to attribute observed differences to any one factor (see Morris et al. 1976).
